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program four FPGAs (Figure 
1). 

A DSP processor, the AD- 
SP21065L, serves as a micro- 
controller to program the FP- 
GAs. The configuration bus 
consists of the Clk, Data, Pro- 
gram, Init, and Done signals. 
The output data from the 

ADSP21065L is syn- r 

chronous with the Clk r Figure 1 
signal, and the Pro- 
gram (output), Init (input), 
Done (input), and two control 
signals (output) are the 
ADSP21065L's I/O flags. The 
rest of the circuit comprises 
four FPGAs from Xilinx. The arrows to 
the FPGAs represent the configuration 
bus. The trick is in the so-called switch- 
board, which traces the configuration bus 
to an FPGA according to the ADSP- 
2 1 065L's control signals. At first thought, 
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Separately programming 
FPGAs sometimes makes 
more sense than using a 
daisy-chain technique. 
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some bidirectional buffers, for example, 
74LVT 16245s, would seem suitable for 
this requirement by linking the control 
signals to OE and T/R pins of the buffers. 

But after taking a closer look at the sit- 
uation, this approach would be difficult 



because the Init and Done 
are output signals from the 
FPGAs, which you cannot 
merge together. Therefore, 
the "buffer" you are look- 
ing for should have multi- 
plexing or demultiplexing 
capabilities. This design 
uses the 74FST3253 dual 
4-to-l multiplexer/demul- 
tiplexer bus switch from 
On Semiconductor (www. 
onsemi.com) to imple- 
ment this function. By 
connecting two control 
signals to the two select in- 
puts, SO and SI, you can 
cause I/O Signal A to connect to I/O lines 
Bl, B2, B3, or B4, respectively, if the val- 
ue of the two control signals are 00, 01, 
10, or ll.D 



Add fault protection to a 4- to 20-mA loop supply 

Mark Pearson, Maxim Integrated Products, Sunnyvale, CA 



A 4- to 20-mA current loop consists 
of a power source and a current- 
measuring device at the control end 
and a field transmitter that senses 
process-variable information, such as 
temperature or pressure, and converts it 
to a current (Figure 1). Most such indus- 
trial current loops are powered by 24V dc, 
but that voltage can range from 12 to 36V. 
The loop voltage in older systems can be 
even higher. Many such applications re- 
quire current hrniting, fault protection, 
or both. For example, a short circuit or 
another high-current fault in one of sev- 
eral loops powered by a single source 
can produce a power-supply failure 
that disables all transmitters powered by 
that source. Intrinsically safe loops, on the 
other hand, include a barrier module that 
limits current and voltage to the trans- 
mitter. Fault-protected sources can add 
another level of system safety. Setting a 
current limit on each loop lets you accu- 
rately size the power supply without over- 
specifying it. Figure 2 shows one form of 
flexible fault protection for the 24V pow- 
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Figure 1 



Industrial applications widely 
use the basic structure of a 4- 



to 20-mA current loop. 

er supply of a 4- to 20-mA loop. It also in- 
cludes circuitry for recovering a digital 
signal superimposed on that loop. SC., a 
high-side current-sense amplifier with 
comparator and reference, senses the loop 
current in Rj as an 8- to 40-mV voltage 
and amplifies it by 1 00, producing an out- 
put-voltage range of 0.8 to 4V. That out- 



put, V 0UT , can directly drive external me- 
ters, strip-chart recorders, and A/D-con- 
verter inputs. 

The Rj-R, voltage divider sets the se- 
lected fault-current trip point for ICj's 
first internal comparator at 0.6V. Setting 
the trip point for a 50-mA fault, for in- 
stance, establishes the following relation- 
ship between ^ and R 2 /(R 1 +R 2 ) = 

o.ev/^xiooxi^.so r^is^x^. 

When faults occur, the C Qmi output as- 
sumes a high-impedance state and is 
pulled high by R,. The noninverting cas- 
caded-transistor pair Q 2 -Q 3 provides an 
interface to the high loop voltage and 
preserves a proper logic polarity for con- 
trolling the gate of Q . Q is held in the off 
state until pushbutton FB l or another re- 
set signal resets 10,'s first comparator. (To 
disable this comparator's latched output, 
tie the Reset# pin to ground.) Zener 
diode ZDj protects Qj's gate-source junc- 
tion from overvoltage. 

IC 2 and its associated circuitry can re- 
cover any digital information imposed on 
the 4- to 20-mA loop current by modu- 
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lation. The High- 
way-Addressable 
Remote Transduc- 
er Protocol, for in- 
stance, typically 
uses FSK (fre- 
quency-shift key- 
ing) of 1200 to 
2400 Hz to modu- 
late the loop cur- 
rent between the 
±0.5mA levels. 
(For this circuit, 
the modulat- 
ed signal at 



DIGITAL-SIGNAL OUTPUT 



V OUT (Pin2ofIC 1 ) 
is ±0.1V.) V 0UT 
from ICj is capac- 
itively coupled to 
IC 2 and amplified 
by that device to 

recover such digital signals. IC, includes 
a second comparator with inverting in- 
put, which you can use to cancel the in- 
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This circuit provides fault protection and digital-signal recovery for a 4- to 20-mA current loop. 



version in IC 2 's digital-signal output. 
Though not essential, this comparator 
output (C 0UT2 ) can also present the re- 



covered digital signal as a clean rectan- 
gular waveform for driving external cir- 
cuitry. □ 
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